In this study, a fuzzy probability-based Markov chain model is developed for forecasting regional long-term electric power demand. The model can deal with the uncertainties in electric power system and reflect the vague and ambiguous during the process of power load forecasting through allowing uncertainties expressed as fuzzy parameters and discrete intervals. The developed model is applied to predict the electric power demand of Beijing from 2011 to 2019. Different satisfaction degrees of fuzzy parameters are considered as different levels of detail of the statistic data. The results indicate that the model can reflect the high uncertainty of long term power demand, which could support the programming and management of power system. The fuzzy probability Markov chain model is helpful for regional electricity power system managers in not only predicting a long term power load under uncertainty but also providing a basis for making multi-scenarios power generation/development plans.
Introduction
Electric power is one of the most usual and important energy in human life and economic development. With the incensement of urbanization and the improvement of people's living standard, electric power demand in industries, commerce and people's daily is on the increase during a long period. Thus, the electric power industry must take various actions (e.g. power expansion and transmission expansion) to meet the user's demand. However, there are many uncertain and limited factors that exist in many system parameters and their interrelationships, including the influence of weather, nature environment, human activities and economic structural adjustment. All of those would lead to the uncertainty in long term power load forecasting and the versatility of electric power demand in future. Therefore, it is desired to develop an effective method to forecast long-term power load under considering the uncertainties of electric power system.
Previously, a variety of forecasting models of electric power load have been developed, such as grey Markov model [1] , artificial neutral model [2] , recurrent support vector machines with genetic algorithms (RSVMG) model [3] , hybrid ellipsoidal fuzzy systems (HEFST) [4] and adaptive network based fuzzy inference system (ANFIS) [5] . All of these models attempt to minimize the forecasting error, but have less ability to reflect different possible of power demand caused by uncertainty, especially the economic structural adjustment in developing countries (e.g. China). The different possible of power demand is more obvious after a long time (more than 5 years). Therefore, it is desired to develop a set which include different possible of power demand in power load forecasting.
In this study, the objective is to develop a fuzzy probability based Markov chain model to predict long term regional electric power demand. The model is coupled with fuzzy probability and discrete interval method to Markov chain in order to deal with the vagueness and uncertainty in system parameters and their interrelationships. The model can reflect the different possible of power demand and provide information to a long term power system programming. The model is applied to the case of Beijing. The power load of Beijing is forecasted in different satisfaction degrees. 
We can say t X with Markov property, and the series t X is a Markov chain. If
X is a stationary Markov chain (or time-homogeneous Markov chain). Let p ij denotes the probability that the system is in a state j at time 1 t  given the system is in state i at time t. If the system has a finite number of states, 1, 2 s  ， , the stationary Markov chain can be defined by a transfer probability matrix [6] 
The transfer probability matrix of a stationary Markov chain can be generated from the observations of the system state in the past. Provided with the observations of the system state 0 1 2 , , , n X X X X  , , at time , we can get the transfer probability matrix as follow [7] 0,...,
where ij is the number of observation pairs t N X and 
Fuzzy Probability Markov Chain Model
Let t denotes the electric power load in period t, and denotes the growth rate of power load in period t. The power load in period t:
R t is composed of 3 states, so there are 3 t probabilities of the power load in period t: 
where ij is the number of observation pairs t and 1 t N R R  with t in state i and t in state j in historical data; i is the number of state i occurs in historical data except the last period.
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However, the probabilities gotten from historical data are approximate value which can not reflect the real transport probability. The actual transfer probabilities distribute in the range around the statistics (It can be assumed that the range is from 0.5 times to 1.5 times of the statistic). Assume that the transfer probabilities are triangular fuzzy numbers, the satisfaction degree is 1 when the transport probability is the statistic value, and the satisfaction degree is 0 when the transport probability is one of the boundaries of the range.
When the satisfaction is higher than u , the lower bound:
the upper bound:
The transfer probability matrix: 
T step transfer probability matrix: , the third row of every t composed to a new matrix
x is the probability of state j occurring in period t.
There 
Pr Pr 2,3 ; 1, 2, 3 ;
where k is the remainder of a divided by 3( when 3 divides h).
Case Study
Beijing, located in the northern part of the northern China plain (39°56' N, 116°20' E), is the capital of China, with a large population and a rapid economic development. From 1980s', the electric power consumption grows rapidly. Figure 1 shows the power load of Beijing from1978 to 2010. The average growth rate of the last 20 years was 8.40%, and of the last 10 years was 7.31%. The power load reaches 809.90 × 10 8 KWh in 2010, 9.57% more than 2009. It is 10.09 times larger than 1978.
As the fast development of economy and the improvement of residents, the power demand of Beijing keeps increasing rapidly, especially commercial and domestic consumption. 
Results Analysis
In this study, the power load and the probabilities of power load in different growth states are forecasted during the three periods. Tables 1-3 present the forecasting result in different satisfaction degree (larger than 0.3, 0.6 and 0.9). The result of the forecasting in the three periods is in tree-like structure. There are 3 scenarios in period 1, 9 scenarios in period 2, and 27 scenarios in period 3. Tables 1-3 show the probability of all the scenarios, the interval value of probability becomes narrow with the increase of satisfaction degree. Higher satisfaction degree denotes that the real transition probability close to the probability generated from the statistic data; and the lower satisfaction degree indicates that the real transition probability distributes is in a wide range around the probability gotten from statistic data. From that point, the lower satisfaction degree would lead to higher uncertainties. The satisfaction degree depends on the history statistic. If the history statistic is sufficient and the transition rule of growth date is obvious, the transition probability 
gotten from statistic data can reflect the actual transition probability really, so high satisfaction degree should be selected. In contrast, if the uncertainty of transition probability is higher, low satisfaction degree should be chosen.
From the above tables, the probabilities of several results are 0, and many forecasting power loads are with the same value. If those scenarios with the probability value of 0 are left out, the results obtained from the model could be simplified. In addition, the results with the same power load value could be integrated by accumulate the probability of the equal power load. Therefore, when the forecasting is for a very long term, the simplification would have advantage to make the results brief. However, there is also a disadvantage of the simplification. For example, the primary result is in tree structure, and convenient for scenario analysis. The results would become net structure when simplified, which is not convenient for decision making and analysis.
Conclusions
In this study, a fuzzy probability Markov chain is developed to forecast regional long term power load. The model can deal with the uncertainties in long term power load forecasting. The developed fuzzy probability Markov chain is applied to long term power load forecasting of Beijing. The forecasting result concludes all the power load scenarios. The data of the result is in tree-like structure. The disadvantage of the method is that the amount of data increases largely when deal with many periods. The forecasting result can be simplified by integrate the power loads with the same value. The simplification can deal with the disadvantage in some extent. But the simplification would make the data structure complex, which is disadvantage to analysis and decision making. In conclusion, the fuzzy probability Markov chain model can reflect the vague and ambiguous during the process of power load forecasting through allowing uncertainties expressed as fuzzy parameters and discrete intervals. The forecasting result by the model is helpful for regional electricity power system managers in not only predicting a long term power load under uncertainty but also providing a basis for making multi-scenarios power generation/development plans.
